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no.: 25791. 11.02, fifed on 3/10/2000, which claims priority from provisional application 
60/124,042, filed on 3/11/99, (111) U.S. provisional patent application serial no. 
60/457,965,; attorney docket no. 25791.260, filed on 3/27/03. (112) U.S. provisional 
patent' application serial no. 60/455,718, attorney docket no. 25791 1262, filed on 
5: 3/18/03, (113) U.S. patent number 6,550.821 , which was filed as patent application 
serial no, 09/811,734, fifed bri 3/19/01, (114) U.S. patent application, serial no. 
1 0/436,467. attorney docket no. 25791:268, filed on 5/12/03, which is a continuation of 
U.S. patent number 6,604,763, which was filed as application serial no. 09/559,122, 
attorney docket no. 25791.23 02, .filed on "4/26/2000, which claims priority from 
10 provisional; application 1 60/1 31 ,106, . filed on- 4/209, (1 15) U.S. provisional patent 
application serial ho. 60/459,776, attorney docket no. 

UvS; provisional patent application -serial no> f6Q/461 ,094, attorney docket no: 
25791,272; filed on 4/8/03; (117) U.S: prowsidnal patent application^ serial no: 
60/461,038, attorney docket: hp, 25791:273, filed on 4/7/03, (118) U.S. -provisional 

15: patent application, serial no: 60/463.586, attorney docket no. 25791 .277,: filed on 
4/17/03^(119) US: provisional patent plication serial no; 60/472,240, attorney docket 
no. 2579 1.286- filed on 5/20/03, (120) U.S. patent application serial ho. 40/615285; 
attorney docket no. 25791.292, filed on 7/14/03, which is a continuatipn-inripart of : U ;S, 
Mtility patent application serialinq. 09/969,922, attorney docket no.„25791j69, filed on 

20 10/3/2001, which is a cbritinuation-in-part application of U.S. patent no. 6,328:113, 
which was fifed as U.S. Patent Application serial number 09/^ 
number 25791.902^^ 

60/108,558, filed on 11/16/98; (121 ) AJiS; utility patent i^lication serial no. 10/418,688, 
attorney docket no.: 25791 257, which was filed on 4/18/03, as a division of U S utility 
25. patent application senal no 09/523,468, attorney docket no, 25791 11 02, filed on 
3/1#20QOr: which claims priority from provisional application 60/124,042,1 filed bri 
3/11/99, (122) PCT patent application serial no :. . attorney docket no 

25791.538.02, filed on _.. (123) PGT patent applicatioh. serial ho. 

• ' --J - v attorney docket no. 25791 ;253:02; filed on ^ ^ af1d,(124) PGT 

30 patent. application serial no. . .. .... j attorney docket no 25791^40.02, filed on 

• : • • , • . the disclosures of which are incorporated herein by reference; 

Background of the Invention 
This invention relates generally to oil and gas exploration, arid in particular to 
forininga^ ; . 
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expanding and plastically deforming a tubular member is provided that includes 
controllably straining the tubular member, and then cqntroilably stressing the tubular 
member. 

According to another aspect of the present invention, an apparatus for radially 
5 expanding and plastically deform 

for controllably straining the tubular member, and means for controllably stressing the 
tubular member after controllably straining the tubular member. 

According to another aspect of the present inventipri, an apparatus for radially 
expanding and plastically deforming a tubular member is provided that includes a first 
10 expansion device for radially expanding; the Wbularj member, arid a second expansion 
device coupled to the first expansion device for fu^er the tubular 

member; - 

: According to another aspect of the pr^nt invention t a method of radially 
expanding and plastira 

1 5 expanding a portion; of the tubular member, and then further radially expanding the 
portion of^ the tubular member. 

According to another aspect ibf the present invention, a system for radially 
expanding and plastically deforming a tubular member is provided that includes means 
for radially, expanding a portion of the tubular member, and means for then;; further 

20 radially expanding the portion of the tubular member 

According to another aspect- of the present invention, a method of radially 
expanding and plastically deforming a tubular member is provided that includes 
.cbntrbliably stressing the tub^ tubular 
member: 

25 According to another aspect of the present invention; an apparatus for radially 

expanding and plastically deforming a tubular member is provided that includes means 
for confrpllably stressing the tubular member; and means for contrbliabiy straining the 
tubular member after controllably stressing the ':hibubr^m6jnrib6f . 

Brief Description of the Drawings 
30 Fig. 1 is a fragmentary cross sectional illu&^ ofan exemplary embodiment of 

an apparatus for radially expanding a tubular member. 

Detailed Description of the Illustrative Embodiments 
Referring to Fig. 1, an exemplary embodiment of an apparatus 100 for radially 
expanding a tubular member includes a tubular support member ^ a 
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• The- upward displacement of the mandrel 104, mud motor 106, arid rotary 
expansion tool 108 then radially expands and plastically deforms at least the tubular 
section 1 1 0b and the tapered tubular section 1 10c of ,the launcher 140 and the 
expandable tubular: member. 1 12. In an exemplar enibodimerit r the tapered surface 
5 IP^d of the expansion mandrel 104 provides the majority of: the radial expansion and 
plastic deformation of the tapered tubular section 1 1 0c of the launcher 11 0 and the 
expandable ^tubular member 112, In an exemplary embodiment, the routside diameter 
:of ihe rotary expansion tool 108 is adjustable and" thereby permits Hhe: rotary, expansion 
tool 108 to radially expand and plastically deform the expandable-tubular-member 112 

10 into intimate contact with the walls of the bbrehole 1 14- As a result; the formation 
surrounding the expandable tubular member 1 1 2 may be cpmpressed and; after the 
a?mpletion:pf the radisil expansion and plastic^eformatidn df^the expandable-tubular 
: -member; held in tompressipn.; In an ^exemplary embodiment, during theroperation of 
the apparatus 100, the expansion mandrel 104 applies radial forces to contiguous 

15 circumferential intenor surfaces of the, tubular launcher assembly 110 and/or the 
^p^aWe^tubftlar member 112, and the rotary expansion tool : 1 08 applies radial 
^ferces to surfaces ; ; of the : tubuiair ; feUnch^r assembly 

and/or:the expandable tubularinr^mber;/ 

^During theroperation of the apparatus 100, in an exemplary embodiment, the 

20 expansion mandrel 1 04 provides a strain controlled radialexp^Mo^ 

rotary expansion tool 108 provides a stress controlled radial expansions process. For 
example; the :fihal- inside diameter of the expandable ^ by 
bpe^tibn bf the ^xpansipn mandrel iiQ4ljk controlled byfthe/Shape and geometry pi the 
; expansion mandrel and shouW 

25 expandable tutelar m^ of! the rotary expansion tool 108 , 

rnay,_ or may, not. be constant depending upon the shapes of the wellbore; 11 6 In 
particular , the amount of stra in of the expandable tubular member 11 2;provided;b)r the 
rotaiy:expansioh tool 108 is not controlled Rather, -the amount of stress applied to the 
-^pandable tubular member 112 by the rotary iexpansi6n-tdpbid8tis controlled by 

30 controlling the compliance of the roller expansion elements 108ia. Consequently, in an 
exemplary embodiment, the operation of the rptanrexpansion: 
outside diameter of the expandable tubular member: 112 fo/engage and thereby match 
the inside ^diametrical shape of the wellbore 116. A strain controlled -radial expansion 
process; is typically capable of providing: more rati^ 
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following: (1) U.S. -Patent Number: 6,497,289, which was -filed as U.S: Patent 
Application serial no. 09/454,1 39; attorney docket no: 25791:03.02, filed on 12/3/1999, 
' -which; claims-pfiprity from provisional application 60/1 11 ,293, filed on 12/7/98, (2) U.S. 
patent application serial no. 09/5 1 0,91 3, attorney docket rib. 25791 :7.02. filed on 
5 ^23/2000, which claims priority from provisional application 60/1 21 "702, filed oh 
2/25/99, (3) U.S: patent application serial no. 109/502,350, attorney docket no. 
25791.8,02; filed on. 2/10/2000, which claims priority ^from provisional application 
60/1119,611, filed 2/1 1/99^(4) U;S. patent "nb ^^S.1 13; which- was filed as U.S. 
Patent Application serial number 09/440,338, attorney docket number 25791 .9.02, filed 

10 on ;t1/1 5/99,- which- claims priority from provisional application 60/108,558, filed on 
11/16/98; (5) U.S: patent application serial hb ?: 10/169,434, attorney docket no. 
=-25791 ;10^04^ filed Gjn i 7/1/02, which claims priority from provisional application 
60/183,546,= filed on 2/18/00, (6) U S patent application serial no, 09/523,468^attorney 
-docket no 25791 11 02, filed on 3/10/2000, which claims priority from provisional 

15 application 6^ patent number 6,568i471^ which was 

- filed as patent application serial no. 09/51 2,895, attorney docket no 25791 *1 2.02, filed 
oil 2/24/2000, which tfairfisv priority from provi^idnai appjirafion 6d/121;84i, filed on 
2/26/99, (8y UlS. patent number £;575;246r whic^ was filed as patent applies 
i no, 09/511,941; attorney docket no -25791:16:02, filed >ori 2/24/2000, which , claims: 

20 priority from i provisional application 60/121^907, filed on r 2/26/99, (9) U S: patent 
number 6,557-640, which was filed as patent application serial na 09/588;946, attorney 
docket no: 25791 .1 7.02, filed on 6/7/2000 r which; claims- priority ft^m provislonial 
application 60/137,9981 filed on 6/7/99, (10) US. patent application serial no. 
09/981 -'gift, attorney di?cket no. 25791,18, filed on 10/18/01 as a continuation-in-part 

25 application of U S patent no; 6,328,113, which was filed as U;S Patent Application 
serial- number: 09/440,338; attorney, docket , number 25791.9,02, filed tori 11/15/99. 
^hich claims: priority Efrom provisional application 60/1 08,558i filed on 1 T/1 6/98, ( 1 1 ) 
U.S; patent number 6,604,763, which was filed as application serial no. 09/559,122' 
attorney docket = no. : J 2579 1 :23:02, filed on 4/26/2000, whi^ daims priority from 

30 pro^sional application 60/1 31 ,105, filed on 4/26/99, (12) U.S patent application serial 
no. l6/d3di593 - attorney; docket no; 25791 ,25.08, filed on 1/8/02, which claims priority 
from provisional application 60/146,203. filed ofh 7^9/99, '(13) U:iS: provisional patent 
application serial no 60/143,039, attorney docket rib: 25791.26, f»ledi,ori 7/9/99, (14) 
U:S. patent application serial no. W 
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application serial no. 10/078,928, attorney docket no; 25701^79, filed on 2/20/02;: 
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PCT application US 03/06544; filed on 3/4/03. attorney docket no. 25791 .93.02, which; 
claims priority from U.S. provisional patent application serial rio. 60/372;O48-,- attorney 
docket no. 2579193, filed on 4/12/02, (68) U.S. patent application serial: no. 
■ 1 0/33 1 ,7 1 8.; attorney docket no. . 25791:94, filed on 12/30/02; which is a divisional U.S. 
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US 03/04837, fitedipn^2/29/03, attorney. docket no. 25791 .95:02, which tfaims priority 
.. from U S. provisional patent application serial no. 60/363,829; attorney; docket no. 
10 25791 ;95;-filed; on 3/13/02, (7b) U:S^patentappliGation serial no. 10/261 ;927; attorney 
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-6,557,640, which ^was^ 
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60/137,998- filed on£/7/99, (71 ) U- S; patent application serial no. 10/262^8, attorney 
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patient application serial no: 1 0/624,842, - attorney -docket no.- 25791.151, filed on 
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patent applications serial no -60/41 8^687^ ^attpiro^^dcK*et- no. 257^v228,^iied on 
20 4/18/03, (105)iU: S: provisional patent application serial no.; ^ 

no 25791 236, filed *6n 3A14/03, (106) U S prpvisional patent application serial no 
-60/450,504; attorney docket no 25791238. filedions2/26/03; (107) U.S provisional 

paterit application serial rio^60/451 v i^ filed on 3/9/03, 

(108) U S provisional patent application- serial no 60/455, 124,- .attorney; docket no. 
25 25791 241- filed- on 3/17/03; (109) U;S: provisional patent application serial no 

60/453,678, attorney docket no: 25791253, filed on 3/11703. (110) US: /patent 

-application s^ah^ r25791^256 r fUecl on 4/23/03, 

which is a ra^ 

no: : 25791 i 1 .02, filed ori4/l0y?0pp,,w^ priority frcm provisional application 

30 60/124,042, filed on 3/1 1 /99, ( 1 1 1 ) r U:S, provisional patent: application- serial hbr 
, ,60/457,965, attorney docket no. 25791260. -filed, on 3/27/03, (^I^.US. provisional 
patent application^ serial nor 60/455-718, : attorney docket: no, 25791^; filed on 
3/18/03. (113) U S : patent number 6;550,821, which was filed as : patent iapplicattion 
serial no. 09/811734,- filed" on/ 3/119/01, (114) JU S. patent application serial no. 



24 



S2 



_ -jojouj ueAup; {Mnuve^ jp f }a aifl oj paidnop Ajqajadp si a£)BSSBd 
puooas aqj pue 'afiessed puooas aq^oj pa|dnoo Aiqajados^adBSSBd jsjtj ayjp jojouj 
uaAup piny aifl p yaqs jncftno aqi pj-pfldpop aotAap uoisuedxe Aje]Oj e pue 'iaiui 
ub BuisudiuoD auoo uoisuadxa -jBjnqn}. aifl oj paidncx) e 'jaqiuaui o£ 

uoddns; jpinqnn aifl Pi pa|dnpp: aBessed- puppas^e 6u|U!jap au<x> uotsuBdxa : jeinqni 
b 'eOessed j&hjb 6uiuijap jeqwaiu poddns jeinqnj b sapnpui je;qi paquosap uaaq seg 
jaqiuauj;jB|ric^ ,.. 

s \ ■' .v \ L .;. i-j^f, .-. 1 :" : f..-" aquaja^dJ . 

Aq utajaq pajBjodJOOUj aiB qojtjM jOTsaJh?opsip aqv >Q/Si/e K° Pf ill -20 92 
ou }a>pop AaujonB /WJSfViOd ou |?uas upijBoijddB }uaied iod 

(fr2i) PM B 

•ou |Buasi upiiBOiiddB jua^ed lOdf(£Z I > • -fcO/92/2 up paiu : , zo'8S2 -l.6ZS2 ■_QU: ja^ppp 
Aaujqu^'^^ 

uo paiu ; :2>Q ? *2 WOO uoiiBofidde iBUOisiAdJd ujoji Ajuoud sujibjo , qoiqM, , 0002/0t/e 02 
up pa)!i i k M3Z92 ou ia>pop te^ upi^iiddB lua^ed 

%Rn S^J? uojSfAip^B SB; 'E0/8 W uo paia sbm qoiq/w 4 Z92' t6Z92 OM 1^><>P *oujobb 
*889 4 8tW0l QU|Buas uO!lBQ!|dd 

UO|JBp!|ddB: |BUQ!S!AOJd UJOJ|:AlUOUd SUlJBp y 

ia>ippp AaujowB , 8ee l 0W60 Jaqiunu jeuas: upflBpiiddtf *ua*Bd: -s'fi sb paiu sbm qoitiA\ g i 
%H '82£*9 <^ )Mn^-*9^^.ui^i^0dej pBd^u|-uppnu3uop b si qpiqM ^002/S/Ot 
uo pajyt "69^6ZS2 ou *a>(Oop AatuotfB '2^696/(^^^^ 
SO JQ^edTUi^oii^ 

i 982%|9/0t (ou jBuas to&tl'SO/O^uOfpaj!} j^1$^=59M - 

jayopp AaujpjiB !op£z£fcyQg :qu |Buas^ S'fl (6t t) >C0f£1# -■- 0 I 

up pay 'ZZ216Z92 'bu la^pp XatuprtB '989'E9WQ9 ;ou jbu^ upfjw 
IBUOJsiAOJd s fl (81 L) 'ed/Z^ up paiu 4 ez2*i6Z92 ou 4avpdp Aauj6«B ^8gQtl9W09 
ou iBiias uppBOiiddB -juajBd iBUpisiApJd is n (Z • £0/8/fr; MP rpajy : 'zz£ 
pu 1^?^^ |Bup!?!Apx| -s : fi 

(9U) 'eO/2/^ uo paju; : ^ '9ZZ-69W09 ou jBuas upi}Bp!iddB g 

luaied jBupisiAOJd -STV 

uiOyvA»uoud suijap qoiqM i qpQ2/92/t? uo pQ\tj *2p : €2 t6Z92 ou >ia>pqp Apujqnb 
• 22:1 • 699/60 -ou iBuas^uoiiBondda se paijjiSBM qoty/yi ; £9Z>09 -9 JSfliunu juajBd s*n 
p uojiBnunuoo B sr qoiqM ;eo/2i/S;uo paifc^ J 



has been described that includes a first expanse strainirigthe 
tubular member, artd a second expansion device 
♦ for c^htj^llably Stress Iri an exemplaiyiehibbdimeht^ the • ..-> 

apparatus further includes a motor coupled ta-the first expansion device for rotating the 
5 second expansion device relative to the first expansion device.- i~ ■ 
A method of radially expanding a^ 
been described thait includes coritrollabiy straining the tubular member, and then ^ 
controiiably stressing the tubular member. 
An apparatus f^ 
10 has been described that includes: mean 

and means for control contollabJy straining the 

tubufar member. ■ . ■ .,• 

An apparatus for radially expanding and pte 
has been described that includes a fi 
15 tubblar member arid a se 

for further radially expanding the tubular member In an exemplary embodirtient, the 
apparatus further device for rotating the 

second expansion device relative to fir^t expansion device. 

A method of radially expanding and plastically deforming a tubular member has 
20 been described t^ 

then further radially expanding the portion of the ^ In an exemplary 

embodiment, radially expanding the portion of the tubular member ii^ 
forces to a continuous circumferential portion of the interior surface of the tubular 
member. In an exemplary embodiment, further radially expanding ^ of the 

25 tubular member includes applying forces to one or more discfete portions of the interior 
surface of the tubular member; 

A system for radially Expanding and plastically deforming a tubular member has 
been described that includes means for radially expanding a portion of the tubular 
member, arid means for then further radially expanding 
30 merriber. In an exerriptary erhbodimerit, the means for radially e^anding the portion of 
the tubular member includes meairis for applying forces to a continuous circumferential 
portion of the interior surface of the tubular member In an exemplary embodiment, the 
rheans for further radially e^nding the portion of the tubular member indudes means 
for applying forces to one or more discrete portions of the interior surface of the tubular 
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CLAIMS: 



1. A method of radially expanding -and -plastically: deforming, a -lubuiar± member, 
comprising: 

5 radially expanding a portion of thetubuiar member; and -_. : .-. s .r.- v s . 

then further radially expanding.the portion of the.tiibular memben _ , 
wherein radially expanding the portion of the tubular memberxomprises applying 
forces to a- continuous circumferential portion of ; the interior surface of the tubular 
member; and 

10 .. wherein further radially expanding; the portion of ^^^^ 

applying forces to one : or more discrete portions of the interior s 
member; . ■ ■ .-■ = _ ■■_ -. : »r : . : • , r „; : --_ ; ;_, • «=j 
wherein the method further comprises: 

radially expanding another portion ^ member; and i. 

i5 wherein the step of then further radially expanding the portion of the tubular : 

member and the step of radially expanding the another portion of the tubular member 
f are simultaneous^^ 

tubular member to be radially expanded ahb pTaitic^lly defqrtiried^ ; 

20 2: The method of claims 1 -wherein -the -tubiirtar:; m^tef is e^ahded and plastically 
deformed with a rotary expansion tool. , : 

3, The method of claim 1 wherein the tubular member is a pipeline. . - ... 

25 4. The method of claim 1 wherein the tubular member OTmpnseSj a structural 
support. - • - - - •- • : - . ~ , - . _ . - - 

5: The method of: claim. 1:\wherein^tbe tubular member is expanding with a 
hydrofbrming device. -. ^ - ; , 

30 
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radially expanding • the tubular member. 
7. The apparatus of claim 6, further comprising a motor coupled to the first 
expansion device for rotating the second expansion device; relative to the first 
expansion device. 

5 8, A method of radially expanding and plastically deforming a tubular member, 
cprnpiising: 

radially expanding a portion pf the tubular member, and 

then further radially ^xpahding th^/pbrtidn of the tubular member 

9. The method of claim 8, wherein radially expanding the portion of the tubular 
10; member comprises: 

applying forces to a continuous circumferential portion of the intenor surface of 
the tubular member. 

10. The methbd of claim 8, wherein further radially expanding the portion of the 
tubular member comprises: 

15 applying forces to one or more discrete portions of the intenor surface of the 

tubular member. 

11> A system for radially expanding and plastically deforming a tubular member, 
comprising: 

means for radially expanding a portion of the tubular member; and 
20 means for then further radially expanding the portion of the tubular member. 

12; The system of claim 11, wherein means for radially expanding the portion of the 
tubular member comprises: 

means for applying forces to a continuous circumferential portion of the interior 
surface of the tubular member. 
25 13. The system of claim 1 1 , wherein means for further radially expanding the portion 
of the tubular member comprises: 

means for applying forces to one or more discrete portions of the interior surface 
of the tubular member: 
1 4 A method of radially expanding and plastically deforming a tubular member, 
30 comprising: 

contrpllably stressing the tubular member; and 
then controllably straining the tubular member; 
15: An apparatus for radially expanding and plastically deforming a tubular member, 
comprising: 
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